o ral clefts are among the most common congenital disorders, affecting about 10 babies per 10,000 births (1, 2) . About 70% of all oral clefts are isolated (i.e., not part of a known syndrome) and are referred to as isolated cleft lip and/ or palate (ICLP (3, 4) ). Clefts are the result of insufficient fusion of the palatal shelves and facial swellings between the 5th and 10th wk of embryonic development (5) . This is caused, at least in part, by a failure of neural crest cells to migrate properly into the facial region (6) .
Compared to the general population, children with ICLP are more likely to have short stature (7) and to have growth hormone deficiency (8) . Of note, the majority of patients with ICLP do not suffer from severe growth retardation (9) but are nevertheless significantly shorter than age-matched peers (10) (11) (12) (13) (14) . Although there are quite a few studies on growth in children with ICLP (7, 11, 15) , studies in individuals beyond the age of 12 y are rare. In one study of 19-y-old males with ICLP, males with cleft palate only (CPO) were shorter compared to healthy peers, although their BMI was normal, whereas males with clefts of the lip and/or palate were of average height but had significantly lower BMI relative to peers (16) . This suggests that that cleft phenotype may have an effect on long-term outcomes. Others have speculated that males with ICLP catch up in growth later in development, whereas females with ICLP remain shorter (15) . To our knowledge, this hypothesis has not been directly tested in a relatively wide age range.
As oral clefts pose problems with feeding, it has been proposed that the observed growth lag may be related to insufficient nutrition (10) . However, modern health care and appliances have greatly improved feeding of infants with ICLP (17, 18) . Moreover, one study found that feeding problems did not account for differences in height between children with ICLP and healthy peers (11) .
Alternatively, it could be the case that growth problems in ICLP are related to abnormalities in the pituitary gland, a structure critical for normal growth (19) . The anterior portion of the pituitary produces six hormones, including growth hormone, which plays a crucial role in muscle and long bone growth (19) (20) (21) . Furthermore, magnetic resonance imaging (MRI) studies have demonstrated that pituitary gland volume increases with age from childhood to young adulthood (22) (23) (24) (25) (26) .
Given the unique embryonic origin of the pituitary gland, it may be the case that orofacial clefts pose a risk for abnormal pituitary development. That is, the anterior pituitary is formed from an ectodermal placode located near the future mouth in between the mandibular and maxillary processes (5, 8, 27, 28) . This placode invaginates to form Rathke's pouch, migrates dorsally, and differentiates into the anterior pituitary (5) . A recent study in mice showed that the anterior pituitary is indeed significantly affected in those with orofacial clefts (29) . Taken together, there seems to be compelling evidence that orofacial malformations disturb the development of the pituitary (27) and, hence, growth.
This study aimed to explore the role of the pituitary gland in abnormal growth in individuals with ICLP. To this end, participants with and without ICLP in the age range of 7-25 y were compared in terms of height and BMI. In addition, volume of the pituitary gland was compared between groups. Given Articles Height, BMI, and pituitary volume in ICLP previous reports on height and BMI in ICLP, it was hypothesized that individuals with ICLP would be shorter and have lower BMI than their peers. Furthermore, given the potential risk that orofacial clefts pose on early pituitary development, it was expected that the pituitary gland would be abnormal in individuals with ICLP. Finally, as an ad hoc analysis, a separate sample of adult males (ages 18-50) with ICLP was analyzed along with the younger male sample (ages 7-25) to provide a long-term trajectory of growth.
REsULTs

Comparison of Mean Height
After adjusting for the effects of age and repeated measures, both males and females with ICLP were significantly shorter relative to the normal comparison (NC) group (P = 0.0153, and P = 0.0027, respectively; Table 1 ). Although significantly shorter than the NC group, the current sample of individuals with ICLP did not include any individuals who were at least two standard deviations below the mean of the NC group. That is, the current sample did not include individuals who had major growth malformations or clinically deemed short stature.
Comparison of Height Trajectories
Age-by-height regression lines for males and females are depicted in Figure 1a ,b, respectively. A test of the difference in the two slopes for males showed that the effect of age on height did not differ in the two groups (P = 0.5485). This suggests that males with ICLP are, on average, shorter throughout the time period assessed (up through 24 y of age).
However, a comparison of the two slopes for females revealed a significant difference in the effect of age on height for the two groups (P = 0.0044), as females with ICLP tended to grow more slowly and therefore tended to be shorter later on. Table 1 shows the means and P values of the comparisons of BMI for males and females. After adjusting for age and repeated measures, males with ICLP had significantly lower BMI than comparison males (P = 0.0297); however, for females there was no significant difference in terms of BMI (P = 0.7332).
Comparison of Mean BMI
Comparison of BMI Trajectories
Age-by-BMI regression lines for males and females are depicted in Figure 1c,d , respectively. A test of the difference of the two slopes for males showed that the effect of age on BMI did not differ in the two groups (P = 0.3480). This suggests that males with ICLP tend to have lower BMI throughout the time period assessed. Furthermore, a test of the difference in the two slopes for females revealed that the effect of age on BMI did not differ in the two groups (P = 0.9219). Table 2 shows the means and P values of the t-tests for males and females. There was no significant difference in mean pituitary volumes in cubic centimeters between groups for either sex.
Comparison of Mean Pituitary Volumes
These results did not change when the analyses were adjusted for age and repeated measures. That is, pituitary volume did not differ between males (P = 0.3052) or females (P = 0.2500) with and without ICLP.
Comparison of Pituitary Volume Trajectories
Figure 2a,b show the regression lines for age and pituitary volume for males and females, respectively. After adjusting for repeated measures, the correlation between age and pituitary volume for NC males was r = 0.372 (P = 0.0012) and for males with ICLP r = 0.268 (P = 0.0514). In addition, the adjusted correlation between age and pituitary volume for NC females was r = 0.628 (P < 0.0001) and for females with ICLP r = 0.437 (P = 0.0069).
Although the correlations were generally stronger for the NC groups relative to the ICLP groups, tests of difference in regression slopes revealed that the slopes were not significantly different between males (P = 0.2010) or females (P = 0.2318) with or without ICLP.
Ad hoc Analysis: Long-Term Trajectory of Height
Height measures were available for a separate sample of adult males with and without ICLP. The growth trends for the two groups are plotted as a Loess curve (Figure 3 ) to descriptively capture the progressive growth during childhood and adolescence and the growth plateau during the second decade of life. The Loess regression function suggests that males with ICLP appear on average somewhat shorter compared to peers until the age of 30, after which they appear somewhat taller.
DIsCUssIoN
Individuals with ICLP are often found to be of shorter stature relative to peers, and because orofacial clefts may pose Height comparisons between individuals with and without ICLP revealed small but significant differences, showing that those with ICLP are somewhat shorter relative to healthy peers. Some have speculated that the long-term outcomes may be different for males and females with ICLP (15) . Specifically, because prepubescent boys with ICLP showed higher than average growth velocity rates relative to peers, it was hypothesized that males with ICLP eventually catch up in height. In contrast, girls with ICLP were found to have lower than average growth velocity rates and were therefore thought to be less likely to catch up (15) . The findings of our study complement these speculations by showing that males with ICLP catch up in their early 30s, whereas females likely remain shorter, as indicated by the significant difference in the regression slopes for height between females with and without ICLP.
The relatively subtle differences in height between individuals with and without ICLP could be conceptualized by two different distributions, where the distribution for the ICLP group is shifted to the left (Figure 4) . In this scenario, many individuals with ICLP fall within normal height ranges, or are only slightly different from normal-developing individuals. At the same time, however, individuals with ICLP are also more likely to fall within the extreme tail of the distribution of normal-developing individuals. In other words, although Age (y) 20 25 Height ( 
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Height, BMI, and pituitary volume in ICLP most of the time differences may be subtle, as a group, individuals with ICLP are more likely to suffer from more severe conditions relative to normal-developing individuals. An example of this phenomenon is extreme short stature, which is more common in individuals with ICLP relative to the normal population (8, 27) . On a final note, there is some evidence that cleft phenotype plays an important role in terms of height (16) , although findings in this regard are not consistent (11, 32, 33) . This notion is important in view of the different genetic mechanisms and embryology underlying various phenotypes of clefting (34) . Unfortunately, our sample size was considered too small to do reliable comparisons between different cleft types within males and females. The literature would greatly benefit from a systematic study on long-term outcomes of growth in various phenotypes, as well as the (potentially differential) role of the pituitary.
BMI was also examined in this study and in line with results reported by others (16, 32) , our results showed that males with ICLP had lower BMI compared to peers, whereas females did not differ in terms of BMI (32) . In males with ICLP, BMI appeared to remain low throughout development (16), although we could not directly test this, as weight was not collected for the adult sample. It is interesting that BMI was not lower in females with ICLP (32), despite the fact that they were significantly shorter than peers. Very little is known about BMI in females with ICLP; therefore, more research into this topic is necessary.
A major aim of this study was to examine pituitary volume, and although there were subtle differences in height between the ICLP groups and the NC groups, we did not see differences in terms of mean pituitary volume or pituitary trajectories. The age-by-pituitary regression lines were somewhat weaker for the ICLP groups, but not significantly so. A caveat of this study is the relatively low power because of small sample size, which increases the likelihood of false-negative findings, i.e., type II error. There is a chance that the pituitary is abnormal in ICLP but our study may have failed to reject the null hypothesis given our sample size. It is therefore important to replicate the findings in a larger sample. Our tentative conclusion is that gross pituitary volume appears normal in individuals with ICLP. This interpretation was underscored by resampling the data using a bootstrap procedure, in which we observed that only 1.08% of 50,000 iterations for males and 3.02% of these iterations for Articles van der Plas et al.
females had a significance level of <0.1. These results suggest that there is a low probability that the groups are actually different, making us more confident in the lack of group differences. It should be noted, however, that our imaging methods allowed for only relatively coarse comparisons. That is, although the groups did not differ in terms of gross pituitary volume, more subtle differences may remain. For example, abnormal shape of the pituitary, abnormal growth hormone secretion, or molecular abnormalities could be involved as well. Given the importance of the pituitary in growth and the fact that orofacial clefts may pose a risk for abnormal pituitary development (29) , future research should continue to explore the role of the pituitary in relation to growth in this population.
Conclusion
Although individuals with ICLP were found to be shorter and had lower BMI (males only), their pituitaries appeared to develop normally. However, this does not necessarily mean that the pituitary is not involved in subtle differences in height and BMI in ICLP. As mentioned earlier, more subtle factors as opposed to gross morphological differences may account for the observed differences in height between individuals with and without ICLP, and this should be examined in future research. Of note, growth problems in children with clefts are not confined to height, as delays are reported for the musculoskeletal system (4,13), dental development (35) , and brain development (12, (36) (37) (38) . Birth defects often affect a combination of organs, and a triad of defects in the craniofacial region, the central nervous system, and the musculoskeletal system is particularly common (4, 39) . This is likely due to the shared ectodermal origins of these systems, or a result of the interplay between the ectoderm and mesoderm (5, 39) . Children with ICLP are more likely to suffer from a general developmental delay that affects multiple organ systems (39) . Abnormalities in one system should therefore be evaluated in the context of possible multiple systems. Adopting an integrated view would contribute to a more comprehensive understanding of growth delays in individuals with ICLP.
METHoDs
Participants-Youth Sample
Individuals with ICLP were recruited from the Cleft Lip/Palate Clinic at the University of Iowa Hospital and Clinics, whereas the comparison groups were recruited from the community via newspaper announcements. Both individuals with ICLP and NCs were recruited in the same geographic area in Iowa. Average family income and education level for residents of Iowa are very close to the means for the US population (http://www.quickfacts.census.gov). In other words, demographically Iowa can be considered an average state. However, the ethnic makeup of Iowa is skewed toward a large proportion of individuals of European descent (91.3%), which is well above the US mean (72.4%).
Males. Height and BMI measures were obtained from 49 males with ICLP in the age range of 7.7-21.8 y (mean age 13.65, SD = 4.0). A total of six males were seen twice, adding up to 55 observations. Because there appear to be no growth problems in individuals with clefts of the lip only (10, 11) , only individuals with cleft lip and palate (CLP) and CPO were included. In the current sample, 13 males had CPO, and 36 males had CLP. Height was obtained in centimeters, and BMI was calculated as follows:
Males with ICLP were compared to 121 developmentally NC males in the age range of 6.7-24.1 y (mean age 12.80, SD = 3.6). A total of 11 males from this pool were seen twice, adding up to 132 observations ( Table 3) . Please note that height measures of 39 males with ICLP and 50 NC males in this sample were previously reported (12) .
Females. Height and BMI measurements were taken from 30 females with ICLP in the age range of 7.5-22.9 y (mean age 14.7, SD = 4.1). One female with ICLP was seen twice, adding up to 31 observations. Sixteen of these females had CPO and 14 females had CLP.
Females with ICLP were compared to 158 developmentally normal females in the age range of 6.0-22.2 y (mean age 12.70, SD = 3.7). A total of 14 females from this pool were seen twice, adding up to 172 observations. Please note that height measures of 18 females with ICLP and 24 NC females in this sample were previously reported (12) .
MRI scans were obtained from the entire sample of individuals with ICLP; however, only a subset of the NC group had undergone MRI scanning with similar magnet strength to that of the ICLP group. Specifically, 65 NC males had undergone compatible MRI scanning, and seven males were seen twice, adding up to 72 observations. In addition, compatible MRI scans were obtained from 60 NC females. A total of six females were seen twice, adding up to 66 observations ( Table 3) .
Participants-Adult Sample
The adult sample was collected from 1992 to 1999 and consisted of 46 males with ICLP (32 had CLP and 14 had CPO) and 46 age-matched comparisons, in the age range of 18-50 y (36) . Individuals with ICLP were recruited from the University of Iowa Cleft Clinic, and healthy comparisons were recruited via local newspapers. As with the youth sample, individuals with ICLP and healthy comparisons were all recruited in the same geographic area.
This sample was used for height measures only, as pituitary and weight measures were not available. Also, the sample was limited to males, thus no data in older females with ICLP are available to assess long-term trajectory of growth for the female sample. 
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Before participating in this study, all participants were screened by a research assistant. In both groups, participants were excluded if they had braces, or if a serious medical or neurological disease was present. In addition, NC participants were excluded if they had a history of a learning disorder or psychiatric disorder.
The study was approved by the University of Iowa Human Subjects Institutional Review Board. If the participant was under the age of 13, written consent was obtained from one parent and assent was obtained from the participant. Participants age 13 and above provided their own consent.
Structural Imaging
All scans were performed using a 1.5 Tesla scanner. In the years 2002 and 2005, 170 scans were obtained from a SIGNA System (General Electric, Waukesha, WI). Since this scanner was replaced in 2006, the remaining 54 scans were obtained from an Avanto scanner (Siemens, Erlangen, Germany) using the same acquisition protocol. Comparison of the volumes obtained between the two machines produced comparable measures (40) . Three-dimensional T1-weighted 1.5-mm coronal images were acquired. Proton-density and T2-weighted images were also acquired. MRI data were processed using BRAINS2 (Brain Research: Analysis of Images, Networks, and Systems (41)).
Pituitary Segmentation
All images were loaded in BRAINS2, and the pituitary was traced manually by A.M.A., who established intrarater reliability on a separate set of 10 subjects (intraclass R coefficient .99). The neuroanatomical boundaries of the pituitary were determined by reference to a neuroanatomical atlas (42) . The carotid artery and the optic chiasm were used as landmarks to identify the boundaries of the pituitary. The rater was blind to participant's diagnosis.
Statistical Methods
First, t-tests were used for comparisons of mean height, BMI, and pituitary volume between individuals with and without ICLP. The analyses were performed separately for males and females. In addition, mixed-model analysis of covariance was used to compare the variables between groups while adjusting for the effects of age and repeated measures. Each mixed model treated research ID number as a random effect, because the time between first and second visits varied between participants. The parameter estimates from the mixed models were also used to calculate correlations between age and the dependent measures for each group, such that trajectories could be examined.
Finally, a Loess curve was fitted to the combined adult and youth male samples. This nonparametric method, which is based on locally weighted regression, uses a smoothing function to fit a regression surface to the data (43) . It was used in this setting as an exploratory graphing tool.
Because of small sample sizes, analyses of potential differences between individuals with CPO and CLP were not conducted.
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